Ultrasound is the most common imaging tool used in the neonatal intensive care unit. It is portable, readily available, and can be used at bedside. It is the least expensive cross sectional imaging modality and the safest imaging device used in the pediatric population due to its lack of ionizing radiation. There are well established indications for cranial ultrasound in many neonatal patient groups including preterm infants and term infants with birth asphyxia, seizures, congenital infections, etc. Cranial ultrasound is performed with basic grayscale imaging, using a linear array or sector transducer via the anterior fontanel in the coronal and sagittal planes. Additional images can be obtained through the posterior fontanel in preterm newborns. The mastoid fontanel can be used for assessment of the posterior fossa. Doppler images may be obtained for screening of the vascular structures. The normal sonographic neonatal cranial anatomy and normal variants are discussed. The most common pathological findings in preterm newborns, such as germinal matrix-intraventricular hemorrhage and periventricular leukomalacia, are described as well as congenital abnormalities such as holoprosencephaly and agenesis of the corpus callosum. New advances in sonographic equipment enable highresolution and three-dimensional images, which facilitate obtaining very accurate measurements of various anatomic structures such as the ventricles, the corpus callosum, and the cerebellar vermis. Limited studies have been performed to predict that longitudinal measurements of these anatomic structures might predict the clinical outcome of high-risk preterm newborns. Hemodynamic Doppler studies may offer the potential for early intervention and treatment to counter the hazards of developmental delay and a moribund clinical outcome. submit your manuscript | www.dovepress.com
Introduction
Ultrasound is the most widely used cranial imaging modality in the neonatal intensive care unit. Ultrasound machines are portable, the images can be acquired at bedside, and the cumbersome transport of the neonates to the computerized tomography (CT) or the magnetic resonance imaging (MRI) suite is avoided. In addition, ultrasound is considered a safer modality in the pediatric population due to the lack of potential harming effect of ionizing radiation, as in computerized tomography, as well as avoiding the need for sedation frequently required for MRI. Ultrasound is the least costly of all cranial imaging modalities and is readily available in all intensive care units. The modality is operator-dependent and should be performed by an experienced sonographer, neonatologist, or radiologist. In many cases, a final diagnosis and treatment guidance can be achieved with cranial sonography, such as in neonatal germinal matrix hemorrhages. In more complex cases, such as in many congenital malformations,
Indications for neonatal cranial ultrasound
Cranial ultrasonography provides important diagnostic information in neonates. The clinical indications for routine scanning in newborn infants are well established. Any change in the normal clinical behavior of the newborn is an indication for cranial ultrasound. Clinical symptoms may range from hypotonic body manifestation to seizures. A low incidence (less than 5%) of abnormal central nervous system findings was found in the nonasphyxiated term infants with split sutures, cephalohematoma, abnormal neurologic examination, and idiopathic jitteriness. 1 Routine scanning is suggested in all premature infants as well as term infants with dysmorphic features, macrocephaly, seizure disorders, and in infants with 1-and 5-minute Apgar scores less than 7. 1 Any critically ill preterm infant should receive a cranial ultrasound to search for abnormalities such as hemorrhage, hypoxic-ischemic insult, intrauterine infection, or congenital morphologic abnormalities. Routine screening of severe preterm and low birth weight infants should be performed. In addition, cranial ultrasound examination is the screening technique of choice for assessing preexisting neurological damage in potential neonatal extracorporeal membrane oxygenation (ECMO) candidates. Currently, ultrasound evidence of intracranial hemorrhage greater than grade I in severity is a contraindication to ECMO. 2 Infants undergoing ECMO are at high risk for brain injury and therefore should undergo serial cranial ultrasound imaging before, during, and after ECMO treatment. 3 While cranial ultrasound is a very useful imaging modality and generally a first choice for initial imaging, there are limitations. In cases where very detailed brain parenchymal anatomy is needed, MRI provides greater resolution. 4 Also, in the acute trauma setting, CT is the preferred first line imaging modality. 5
Technique of cranial ultrasound
Cranial ultrasound is performed with basic grayscale imaging. For optimal resolution and good overview, a multifrequency (5-10 MHz) linear or convex sector transducer is used. Imaging is obtained through the anterior fontanel in the coronal and sagittal planes. 6, 7 Typically, six to eight coronal images are obtained beginning at the frontal lobes just anterior to the frontal horns and extending to the occipital lobes posterior to the lateral ventricle trigones. 8 The transducer is then rotated 90°, and approximately five images are obtained, including a midline sagittal view of the corpus callosum and cerebellar vermis in addition to bilateral parasagittal images beginning in the midline and progressing laterally through the peripheral cortex. [7] [8] [9] The mastoid fontanel can be used as an additional port for visualization of the posterior fossa. The mastoid fontanel is located at the junction of the posterior temporal, parietal, and occipital bones and the transducer is positioned approximately 1 cm posterior to the helix of the ear at a level of approximately 1 cm above the tragus. Axial images are obtained with the transducer parallel to the orbitomeatal line. By convention, all images are presented with the patient facing left. 10 Imaging through the posterior fontanel may allow additional views of the occipital lobes. 11 Doppler images may be obtained for screening vascular structures. 9, 12 The arterial system is assessed for patency and resistance to flow by obtaining a color Doppler image of the circle of Willis. The images are obtained through the anterior fontanel and are used to localize the middle or the internal cerebral artery. Spectral tracings are obtained with peak systolic velocity, end-diastolic velocity, and resistive index. Systolic and diastolic velocities increase with advancing postnatal age and with increasing birth weight regardless of the gestational age. Resistive indices decrease with advancing postnatal age and with increasing birth weight. Any deviation from the normal pattern of the changes in the velocities and the resistive indices may indicate an illness or a pathologic event. The venous system is evaluated for patency of the sagittal sinus and the vein of Galen in the sagittal plane. 9
Normal sonographic neonatal cranial anatomy
Knowledge of the normal anatomy is essential for recognizing abnormalities. A general overview of the anatomy and the maturation of the central nervous system can be depicted and correlated with the gestational age. The cortex and the development of the sulci correlate with normal brain maturity. The sulci appear and develop in sequence. The calcarine fissure and most of the anterior part of cingulate sulcus begin to appear before 28 weeks. At 28-31 weeks, all the whole cingulate sulcus and postrolandic sulcus, and most of the superior temporal sulcus and covering of insula, are observable. All of the insular sulci and most of the secondary sulci from the cingulate sulcus appear after 31 weeks Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 20-Oct-2019 For personal use only. of gestation. 13, 14 At ultrasound, early sulcal development is best depicted on images obtained perpendicular to the expected course of the sulci. 15 A fissure or sulcus is first seen as a small dot or dimple on the surface of the brain. Later, an obvious V-shaped indentation forms. Finally, the indentation deepens and is visible as a surface notch and an echogenic line that extends into the brain in a Y-shaped configuration. Ultrasound is useful for the evaluation of primary sulci on the medial hemispheric surface (parieto-occipital fissure, calcarine fissure, and cingulate sulcus) and on the lateral convex hemispheric surface (central, post-central, and superior temporal sulci). [15] [16] [17] In sagittal midline plane, the corpus callosum is seen as a sonolucent strip with well-defined echogenic contours overlying the laminae of the septum pellucidum. 18 In this plane, the vermis of the cerebellum is seen as a very echogenic structure with the fourth ventricle visualized anteriorly ( Figure 1 ). The cisterna magna can be seen inferior to the cerebellum and the aqueduct of Sylvius is seen above the fourth ventricle communicating with the third ventricle.
The frontal horns of the lateral ventricles are seen in the coronal frontal plane ( Figure 2 ). In normal sonograms, the lateral ventricles are symmetric; however, slight asymmetry or slit ventricles may be considered as a normal variant. The ventricles are seen as anechoic structures, due to the cerebrospinal fluid. At about 12 weeks gestational age, the corpus callosum starts to develop from the lamina terminalis as a bundle of fibers that connects the two hemispheres. This is associated with the development of the laminae of the septum pellucidum; two paired, clear membranes. The space between the septa is one cavity anterior to the foramina of Monro, called the cavum septum pellucidum, which is seen as an anechoic structure filled with cerebrospinal fluid, between the anterior horns of the lateral ventricles. 19 By term, closure of the cavum septum pellucidum has occurred posteriorly in 97%, so that there is generally only a true cavum septum pellucidum at birth; by 3 to 6 months of age, the cavum septum pellucidum is closed in 85% of infants, 20 although, in a minority, this cavity remains open until adulthood. 21 The cavum septum pellucidum is bounded superiorly by a transverse concave sonolucent stripe of the corpus callosum. The anterior horns of the lateral ventricles are bounded laterally by the caudate nucleus.
The choroid plexus is seen in the coronal posterior plane ( Figure 3 ) and in the sagittal lateral plane ( Figure 4 ). The choroid plexus fills the occipital horn of the lateral ventricle. It is a very echogenic structure with smooth homogeneous borders. The choroid plexus tapers towards the caudothalamic groove. In severe preterm newborns, the cavum vergae may be seen between the occipital horns of the lateral ventricles. The cavum vergae is a posterior continuation of the cavum septum pellucidum that closes early in the fetal life. It is less commonly seen in neonates. 22 The caudothalamic groove is seen in the sagittal lateral view. The groove is located between the caudate nucleus and the thalamus. The floor of the frontal Figure 1 Normal neonatal brain sonography of a preterm newborn in sagittal midline plane. Notes: the red arrows point to the corpus callosum, which appears as sonolucent strip with well-defined echogenic contours overlying the cavum septi pelucidi. The vermis of the cerebellum is echogenic (green asterisk). the green arrowhead points to the fourth ventricle and the blue arrowhead points to the quadrigeminal cistern. the absence of the normal sulci of the cortex is indicative of prematurity. Abbreviation: SAg Ml, sagittal midline.
Figure 2
Normal neonatal brain sonography in frontal coronal plane at the level of the frontal lobes. Notes: Interhemispheric fissure is midline (I). The green arrow points to right anterior horn of the right lateral ventricle. the anterior horn of the lateral ventricle is bounded laterally by the caudate nucleus (C). In severe preterm newborns, an anechoic structure may be seen (not seen in this image), representing the cavum septum pellucidum. When seen, this structure is located between the anterior horns of the lateral ventricles (red asterisk). the red arrow points to the uncus of the temporal horn of the left lateral ventricle.
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horn of the lateral ventricle is bounded by the caudate and the floor of the occipital horn of the lateral ventricle is bounded by the thalamus. The caudothalamic groove demarcates the anteriormost extent of the choroid plexus in the sagittal lateral plane and is an important landmark in identifying germinal matrix hemorrhages. 23 It is important to recognize the normal variants that should not be mistaken for a significant pathology. Connatal cysts are cysts adjacent to the superolateral margins of the frontal horns of the lateral ventricles. It is believed that they represent a normal variant. When the ventricle walls are close enough to touch each other, the most external portion of the ventricle acquires a rounded configuration, resulting in sonographic cystic appearance. 24, 25, 39 Subependymal cysts could be the result of germinolysis due to hemorrhage, hypoxic-ischemic insult, or neurotropic infection, but can be seen in normal healthy newborns and are considered as normal variants and have a good prognosis. 26, 39 Twenty to 40% of infants may exhibit asymmetrical ventricular size. 27, 28 A mega cisterna magna (that measures greater than 8 mm in either sagittal or axial planes) is present in approximately 1% of infant brains and is a benign finding of no clinical significance. 29 Rarely, on brain sonography of preterm infants, a hyperechoic focus is seen between the ridges of the interhemispheric region that mimics intracerebral hemorrhage. This hyperechoic focus is a well-recognized artifact and was initially described by Bowerman in 1987. 30 When a cerebral sulcus or edge of a gyrus is imaged along its long axis, it may appear relatively hyperechoic with respect to adjacent parenchyma, mimicking a focal mass lesion. This "pseudolesion" is most commonly seen on coronal images, when a normal sulcus is imaged tangentially as it courses around the gyrus. Rotation of the transducer to an orthogonal plane can confirm that the brain parenchyma is normal. Other features that suggest a "pseudolesion" are the continuity of the echogenic focus with the normal sulci, and lack of a mass effect. 30, 31 Hyperechoic pseudolesions or periventricular halos may be seen in the white matter. These are due to anisotropic effect and mostly seen in preterm infants. Images obtained at a 90° angle resolve this finding. Also, these hyperechoic pseudolesions and halos are less echogenic than the adjacent choroid plexus. 7, 32, 33 One well documented example is the thalamic pseudolesion, a hyperechoic focus in the thalamus with the appearance of a central thalamic hemorrhage seen when imaging through the posterior fontanel. The hyperechoic focus is no longer seen when imaging through the anterior fontanel. 25
Common pathologic findings in neonatal cranial ultrasound
Cerebral intraventricular hemorrhage is the most common central nervous system lesion found in autopsies of newborn infants 34 and the most common finding in ultrasound images performed in the intensive neonatal care unit. Germinal matrix is located in the vicinity of the caudothalamic groove in a fetus. The germinal matrix contains migrating neurons and vessel precursors. It has very thin walled vessels that are sensitive to stress and prone to rupture upon a noxious 
Figure 4
Normal neonatal brain sonography of a preterm newborn in right lateral sagittal plane. Notes: the green arrow points to the caudothalamic groove. Anterior to the caudothalamic grove is the head of the caudate (C). Posterior to the caudothalamic groove is the thalamus (t). the blue arrowhead points to the choroid plexus that has smooth margins and tapers towards the caudothalamic groove. Abbreviation: SAg Rt, sagittal right lateral.
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Neonatal cranial ultrasound: current perspectives insult leading to hemorrhage. Normally, the germinal matrix involutes by 34 weeks of gestation. A grading system was developed to assess the severity of the hemorrhage. 35 Grade I consists of hemorrhage confined to the germinal matrix in the subependymal layer ( Figure 5 ). Grade II consists of a germinal matrix hemorrhage that extends to the lateral ventricle without ventricular dilatation ( Figure 6 ). In grade III, hydrocephalus is already present. Grade IV consists of extension of the hemorrhage to the brain parenchyma (Figure 7 ). Although this classification of Papile in Burstein et al 35 Periventricular leukomalacia (PVL) is the major neuropathologic form of brain injury in survivors of premature birth. The pathogenesis of this lesion relates to three major interacting factors. The first two of these, an incomplete state of development of the vascular supply to the cerebral white matter, and a maturation-dependent impairment in regulation of cerebral blood flow underlie a propensity for ischemic injury to cerebral white matter. The third major pathogenetic factor is the maturation-dependent vulnerability of the oligodendroglial precursor cell that represents the major cellular target in PVL. The increased likelihood of PVL in the presence of intraventricular hemorrhage could relate to increases in local iron concentrations derived from the hemorrhage. The important contributory role of maternal/fetal infection or inflammation and cytokines in the pathogenesis of PVL could be related to effects on the cerebral vasculature and cerebral hemodynamics, to generation of reactive oxygen species, or to direct toxic effects on vulnerable oligodendroglial precursors. 37 The classic necrotic/cystic periventricular leukomalacia is associated with intraventricular hemorrhage. Twenty five percent of cases of periventricular leukomalacia become hemorrhagic, especially when associated coagulopathy is present. It was suggested that periventricular hemorrhagic infarction and hemorrhagic leukomalacia may be distinguished by the anatomical location. Hemorrhagic periventricular leukomalacia has a predilection for periventricular arterial border zones, particularly in the region near the trigone of the lateral ventricles. Venous infarction especially in its most hemorrhagic component is prominent more anteriorly. The lesion radiates from the periventricular region at the site of confluence of the medullary and terminal vein and assumes a triangular, fan-shaped appearance in the periventricular white matter. 36 A much more common form of brain injury is noncystic. Transient densities not evolving into cystic lesions may represent a mild degree of leukomalacia when persisting for at least a week. A unilateral parenchymal density may be due to bleeding into an ischemic area, but can also be due to a venous infarction. 38 The distribution pattern of periventricular leukomalacia as seen in ultrasound is dorsal and lateral to the external angles of the lateral ventricles and involves particularly the centrum semiovale and the optic (trigone and occipital horns) and acoustic (temporal horn) radiations. 39, 40 Periventricular leukomalacia usually occurs in preterm infants of less than 32 weeks gestation. The white matter of these infants is poorly vascularized and contains oligodendrocyte progenitors, which are sensitive to the effects of ischemia and infection. 41 The cortex is usually spared in preterm infants due to meningeal intra-arterial anastomoses, which involute near term. 42 Increased echotexture of the periventricular white matter may represent the early sonographic pattern of periventricular leukomalacia. This is a nonspecific finding that must be differentiated from the normal periventricular "blush." Later, a few small cysts appear that represent foci of brain parenchymal loss. The cysts are usually located above the superolateral angle of the anterior horn of the lateral ventricle, at the peritrigonal area and in the periventricular parieto-occipital location (Figure 8 ). These cysts may coalesce to form a larger cyst, referred to as porencephaly, which is essentially a loss of brain parenchyma (a hole in the brain). This may or may not communicate with the lateral ventricle ( Figure 9 ).
The most commonly reported type of neonatal cerebral arterial infarction in the full-term infant is an ischemic lesion involving the territory of a major cerebral artery. The middle cerebral artery is most commonly affected, and, as found in adult stroke, the left middle cerebral artery is three to four times more frequently involved than the right. Infants with involvement of the anterior or posterior cerebral artery may be asymptomatic and the abnormality is difficult to detect with cranial ultrasound. 43, 44 Advances in technology, including three-dimensional and high-resolution ultrasound equipment, enables the early diagnosis of congenital malformations. 45 Holoprosencephaly is a complex brain malformation resulting from incomplete cleavage of the prosencephalon. 46 This is a severe central nervous system malformation that can be diagnosed early in utero or during the newborn period. Sonographic findings include a monoventricle and absence of the interhemispheric echogenic fissure, fused thalami, hydrocephalus, absence of corpus callosum, and associated craniofacial abnormalities ( Figure 10) . 47, 48 This entity includes a large spectrum of abnormalities from minor absence of the septum pellucidum Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 20-Oct-2019 For personal use only.
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Neonatal cranial ultrasound: current perspectives (septo-optic dysplasia) ( Figure 11 ) to the severe form, alobar holoprosencephaly.
Absence of the corpus callosum is a congenital malformation that can be diagnosed early by ultrasound. The sonographic findings include partial or complete nonvisualization of the midline hypoechoic stripe that represents the corpus callosum. There is separation of the lateral ventricles with increased angulation and concavity of the medial border due to the prominent bundles of Probst, and dilatation and elevation of the third ventricle with interposition between the lateral ventricles. The occipital horns of the lateral ventricles are dilated and parallel to each other, called colpocephaly ( Figure 12 ). 49 Many other congenital abnormalities can be diagnosed by cranial neonatal ultrasound. Various cystic lesions such as choroid plexus cysts, subependymal cysts, periventricular leukomalacia cystic lesions, and large cyst-like lesions, such as porencephaly, schizencephaly, and arachnoid cysts, can be diagnosed and differentiated with ultrasound. 22, 39 The use of the posterior fontanel and the mastoid fontanel significantly augment the power of the sonographic diagnosis of posterior fossa abnormalities. 50 Evaluation of the posterior fossa permits transverse measurements of the posterior fossa for evaluation of the gestational age, 51 screening for abnormalities such as Dandy-Walker syndrome complex, 52 Arnold-Chiari syndrome, mega cisterna magna, and posterior fossa arachnoid cyst. 53
Current perspectives
Neonatal cranial ultrasound is routinely performed to screen preterm infants for complications of prematurity. The advance of new techniques, specifically equipment that provides high resolution and three-dimensional images, permits analyzing Notes: demonstrates porencephaly (arrow) that communicates with the right lateral ventricle. the infant had periventricular venous infarction that complicated into cystic periventricular leukomalacia. early images revealed multiple small cysts that subsequently coalesce to form porencephaly.
Figure 10
Coronal sonography of a newborn. Notes: demonstrates partial absence of the interhemispheric fissure. Monoventricle and fused thalami is seen and there is hydrocephalus. Findings are consistent with semi lobar holoprosencephaly. Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 20-Oct-2019 For personal use only.
the images in many aspects. Studies were performed to assess the feasibility and the variability of measurements of lateral ventricles. 54 An automated image processing based approach that measures the anterior horn width as the distance between medial wall and floor of the lateral ventricle at the widest point was developed. Measurement is done in the plane of the scan at the level of the intraventricular foramina. This study was based on neonatal brain ultrasound images in the midline coronal view. In addition to ventriculomegaly detection, this work also included both cross sectional and longitudinal study of anterior horn width of lateral ventricles. 55 In another study, reference ranges for the measurement of the intracranial ventricles in preterm infants from 23 to 33 weeks gestational age were provided and can be used in the diagnosis and assessment of ventricular enlargement in preterm infants. 56 Also, longitudinal reference curves were established for the size of the neonatal lateral ventricles between 24 and 42 weeks gestational age, which may allow for early identification and quantification of ventriculomegaly due to either posthemorrhagic ventricular dilation or periventricular white matter loss. 57 Apart from ventricular measurement, there is an effort to measure other cerebral structures in order to assess the potential developmental abnormalities to enable early intervention and treatment. A study of the growth trajectory of the corpus callosum was performed with cranial ultrasound in very premature infants. A daily measurement of the length of the corpus callosum on cranial ultrasound was performed and found to be reproducible. The study concluded that the neonates with poorer neurodevelopmental outcomes have a shorter corpus callosum at term equivalency. The corpus callosum grows at a much lower rate postnatally than in utero among very premature infants. 58 Other studies were performed to assess the reliability of linear sonographic cerebellar vermis measurement. Cerebellar growth in late gestation is impeded by prematurity, which may adversely affect neurocognitive development. It was concluded that, with adequate images, linear ultrasound measurements of cerebellar vermis are reliable. 59 A study was also performed to assign reference values for nasal bone length in the first trimester of pregnancy. 60 Another study was performed to describe a region of hyperechoic white matter adjacent to the atrium of the lateral ventricle of preterm infants and to speculate on the relevance of detecting preterm white matter injury. One first week standard coronal image was used for measurement of grey values around the para-atrial (the anatomic structure adjacent to the atrium of the lateral ventricle) region of interest relative to the choroid plexus. For verification of the sonographic anatomy, magnetic resonance images of an adult brain were used. For reference, neuroanatomical images were compared in several atlases. The symmetrical and unchanged acoustic character between 26 and 31 weeks of gestational age argues in favor of the hypothesis that the para-atrial region of interest is an anatomical structure. The localization of the hyperechoic Reports in Medical Imaging downloaded from https://www.dovepress.com/ by 54.70.40.11 on 20-Oct-2019 For personal use only.
band supports the hypothesis that it represents part of the optic radiation. 61 Other studies that consist of measurements of anatomic structures have been performed. In one of these, the subarachnoid space during routine cranial sonography was measured in order to assess an indirect method of monitoring brain growth in preterm infants. It was concluded that the mean subarachnoid space is normally ,3.5 mm in preterm infants. In this study, the difference between initial and follow up scans suggested reduced brain growth in extrauterine preterm babies. 62 Another study confirmed the relationship between gestational age and transverse cerebellar diameter. 63 Doppler ultrasound parameters can serve as a tool for predicting developmental delay. It was found that the leftward hemodynamic status of the middle cerebral arteries, as measured by cranial Doppler ultrasound in the neonatal period, predicts early motor outcome in term infants. 64 Transcranial Doppler is a sensitive technique for circulatory arrest diagnosis in brain death when patterns such as reverberant flow and short systolic spikes are observed. In infants, the nonossified fontanels compensate for intracranial hypertension. It was found that reverberating flow may be indicative of circulatory arrest even if with a large peak and with a high peak systolic velocity. It was concluded that heavy fontanel compression might reproduce the classical adult transcranial Doppler patterns of brain death, thus supporting the diagnosis of cerebral circulatory arrest. 65 It has been shown that a pathological prenatal Doppler result is highly predictive for neonatal abnormal cranial ultrasound findings in addition to gestational age and can therefore be used for risk assessment. 66 Findings in cranial ultrasound were compared to MRI findings. It was found that all severe white matter abnormalities identified on MRI at term age were also detected by cranial ultrasound at term, providing the examinations were performed on the same day. Infants with a normal cranial ultrasound at term age were found to have a normal MRI or only mild white matter abnormalities on MRI at term age. 67 Comparison of cranial ultrasound and MRI findings were obtained in a group of preterm infants between birth and term. It was concluded that ultrasound accurately predicted the presence of germinal layer hemorrhage, intraventricular hemorrhage, and hemorrhagic parenchymal infarction on MRI. However, its ability to predict the presence of diffuse excessive high-signal intensity and small petechial hemorrhages in the white matter on T2 weighted images is not as good, but improves on scans performed at 7 days or more after birth. In addition, normal white matter echogenicity on cranial ultrasound is not a good predictor of normal white matter signal intensity on MRI. 68 Another study describes the incidence and evolution of brain imaging findings in very preterm infants (gestational age ,32 weeks) assessed with sequential cranial ultrasound throughout the neonatal period and MRI around term age. Frequent findings on both cranial ultrasound and MRI around term included ventricular dilatation, widened extracerebral spaces, and decreased cortical complexity. MRI additionally showed punctate white matter lesions and diffuse and excessive high signal intensity, but did not depict lenticulostriate vasculopathy and calcifications and was less reliable for germinolytic and plexus cysts. Cranial ultrasound detected most abnormalities that have been associated with abnormal neurodevelopmental outcome. 69 Another study compared ultrasound, MRI, and neurodevelopmental outcome in preterm infants and concluded that early MRI provided additional information in those with cystic periventricular leukomalacia. MRI at term age could assess the posterior limb of the internal capsule, which was useful in children with unilateral parenchymal involvement, for prediction of subsequent hemiplegia, and, to a lesser degree, in bilateral cystic periventricular leukomalacia for prediction of diplegia or quadriplegia. 4 Another study compared the value of serial cranial ultrasound examinations with a single magnetic resonance imaging study before discharge in very low birth weight preterm infants to predict cerebral palsy. As a predictor of outcome for cerebral palsy, MRI at near-term in very low birth weight preterm neonates is superior to ultrasound. However, both cranial ultrasound and MRI demonstrate high specificity. 70 Major intracranial lesions in the preterm infant should be recognized with sequential cranial ultrasound studies and will predict those with nonambulatory cerebral palsy. Magnetic resonance imaging at term-equivalent age will refine the prediction by assessment of myelination of the posterior limb of the internal capsule. Prediction of motor outcome in preterm infants with subtle white matter injury is difficult, even with conventional MRI. MRI is a better tool to predict outcome in the term infant with hypoxic-ischemic encephalopathy or neonatal stroke. 71
Conclusion
Recent advances in ultrasound technology and techniques, such as scanning through the mastoid fontanel and power Doppler and spectral Doppler during fontanel compression, have dramatically improved the ability to image the structure and hemodynamics of blood flow in the neonatal brain. 72 Cranial ultrasound is currently in routine use in neonatal intensive care units and was found to be an excellent and noninvasive tool for brain imaging during the neonatal period. 73 It enables screening of the brain and serial imaging in highrisk neonates. In experienced hands, cranial ultrasound is an excellent tool to detect the most frequently occurring brain abnormalities in preterm and full-term neonates, to study the evolution of lesions, and to follow brain maturation. 74 Continuing advances in the development of ultrasound contrast agents, in higher resolution of three-dimensional images, and improved transducers may hold promise for additional improvement in the anatomic and the physiologic diagnostic capabilities of transcranial neonatal ultrasound. This may enable early intervention and treatment and may improve clinical outcome.
